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® Its is a collective effort!

COVIEL9 is the challenge of our time, our Woiar Il. BNL has responded:

National Virtual Biotechnology Laboratory

Started in DOE Office of Science, coordinates COVID activities in all 17 National lak
Therapeutics, testing, manufacturing and virus transport

Kerstin Kleese van Dam, Amy Marschilok, Sean McSweeney, Bob McGraw

Brookhaven COVID S&T Working Group

Chuck Black, Mike Clancy, Cathy Cutler, Ann Emrick, Peter Ferrara, Kerstin Kleese
Dam, Karen McNultyvalsh, Michelle McQueen, Paul Orfin, Sergio Rescia, Timur
Shaftan, Jack Shlachter

LDRDg Kathi Barkigia, Jack Anderson and BHSO
Oleg Gang, Qun Liu, Kumaran Desigan

Departments
Biology, CAD, CFN, CSI, Environmental and Climate Science, Instrumentatidh, NSL
t KEaAaoa X
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¥ Outline

1. Introduction
A SARS0V2 and how it works

2. Drug discovery

A Experiments
A Computing

3. Computer modeling

A Spread of infection
A Flow of infectious particles

4. Sensors
A Detecting the presence of the virus
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1. Introduction
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B SAREOW2

NY Times April 3™

A virus is “simply a piece of bad news wrapped up in protein,” the
biologists Jean and Peter Medawar wrote in 1977.
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A single virus particle is SMALL!

CORONAVIRUS

Size Reference Chart Average Pore Size of

Sediment Water Filters

Red Blood Cell

Pore Size of
Standard Carbon
Bacillus Water Filters
Coronavirus Bacteria

1 pm =1 micron = 0.001 mm

(a human hair is 100 microns across)
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How the virus infects you

2 4. Ejects those copies
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2. Releases its genome inside your cell
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2. Drug Discovery
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B Protein structure

We need to understand the precise shape of the key
proteins involved in the replication of the virus in order to
Interrupt it

Atomic structure of one of
the viral proteins

To stop it functioning, we need to find
a drug (a molecule) that will bind with
the protein and prevent it from doing
its job

Think of two jigsaw puzzle pieces. If
you fill one notch with something else
Al OFyQld FAG Ayh?2
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® Two problems

1. We need to know the structure of these tiny, tiny
proteins with atomic precision
ANSWERNSLSI

2. We need to know which drugs to try, with which pocket,
of which protein. There are billions and billions of
combinations.

ANSWER Biologists intuition and experience from
other diseases

ANSWER ZZomputers search through the
combinations and predict the most likely

We are doing both at BNL
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® How to determine the atomic structure

1. Protein crystals 2. Synchrotron
X-rays
P e //
3. Xxray diffraction pattern 4. Atomically precise protein structure

from crystal

96% of all drugs
approved by the
FDA in the last 15
years used
synchrotron xrays.
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) How does NSEIShelp?

Guo et allUCrd.6, Part 4, July 2019
AGrowing large enough single crystals is

the bottleneck in determining structure

A Automation and intense-ray beams at
NSLSI allow the study of smallest
crystals in the world

ADown to ~ 1 micron (1/1000f the
width of a human hair)

A200x smaller than anyone else

AThis greatly speeds up solving the
structure and searching for new drugs
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B Fully Automated Data Collection
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